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Breeding for Increased Protein Content in Milk 
L. D, VAN VLECK 
Cornetl University 
Ithaca, New York 14853 
ABSTRACT 
The principles of selection are re- 
viewed as a basis for discussing selection 
for protein content of milk. The correla- 
tions among components of milk will 
cause correlated responses in all even 
when selection is for only one compo- 
nent. Selection for fractional composition 
of fat or protein would lead to increases 
in content of fat and protein, but the 
expected increases in total yields of fat 
and protein would be much less than if 
selection were for yield of milk, fat, or 
protein. Selection should be for milk, fat, 
and protein yield with relative economic 
emphasis determined by the net eco- 
nomic value of the components. Market 
prices less costs of production could be 
used for fat and protein yield and a 
negative transportation charge used for 
milk yield. Costs of testing for protein 
should be considered carefully before 
doing so since expected economic im- 
provement including protein yield is near- 
ly as great for milk and fat yield as a basis 
for selection as for milk, fat, and protein 
yield. 
INTRODUCTION 
The desire to discuss pricing milk in the 
United States on some other basis than milk 
yield and fat percentage has been surfacing 
regularly. The American Dairy Science Associa- 
tion annual meetings of 1963 and 1972 appear 
to have provided convenient and knowledgeable 
forums. At each of these symposia geneticist 
was invited to examine the consequences of 
selection for milk constituents. In 1963, Laben 
(5) discussed sources of variation in milk yield 
and yield and content of its constituents 
including genetic variation and covariation. By 
1972, more genetic research had been done, 
and Gaunt (3) provided an excellent summary 
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of the consequences of selection for constituent 
composition or yield. 
The thrust of those symposia generally was 
how to increase the fractional content of desir- 
able constituents, whether def ined to be fat, 
protein, solids-not-fat, or total solids. From a 
nutritional point of view, the goal should be to 
increase the total yield of these constituents 
rather than just their proportionality. Standard- 
ization of these components could be used to 
attain the most desirable composition of the 
final product o enhance flavor and marketabili- 
ty. At the 1972 symposium, Jacobsen (4) 
stated that double standardization of whole 
milk (fat and solids-not-fat) was possible and 
desirable. Luke (6) agreed on the desirability 
and suggested pricing schedules including fat 
and protein differentials. Thus, the purpose of 
the following discussion is to examine the 
probable consequences of selection for yield of 
milk and its constituents or for its composition 
from the standpoint of output of fat and 
protein. 
The Genetic Problem 
The basic purpose of selection for any trait 
or economic combination of traits is to obtain 
progeny that will maximize the change from 
the parent generation. The basic rule to remem- 
ber is that 
daughter genetic value = (sire's genetic 
value + dam's genetic value)/2 
Since genetic values only can be predicted, 
predictions are substituted into the above equa- 
tion. If bulls and cows with the highest possible 
predictions are used to produce the next 
generation of cows, then that generation is 
expected to have the largest possible increase 
over the parent's generation in both genetic 
value and associated records. 
Genetic gain per year, however, can be 
approximated from the following equation (2): 
/XG per year = (AGbull s + ~Gcows)/(L B + L C) 
where 
£XGbu l l  s is the genetic selection differential 
for bulls used to sire the next generation 
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AGcows is the genetic selection differential 
for cows used to produce the next genera- 
tion, and L B and L C are the generation 
intervals for males and females. 
Three factors make up the genetic selection 
differential, e.g., 
AGbull = accuracy of evaluation times selec- 
tion intensity factor times the genetic 
standard eviation 
An examination of these three factors for 
male and female selection shows that  bull 
selection will account for over 90% of the 
genetic progress per year. The genetic standard 
deviation is the same for selection of both bulls 
and cows. The generation intervals are about 
7.5 and 5.5 yr for bulls and cows. For 
heritability of .25 (about the value for milk, 
fat, and protein yield) and 50 daughters per 
bull, the accuracy of bull evaluation is .88. The 
accuracy of cow evaluation would be .50 if 
only her record is used. The selection intensity 
factor is 2.06 if the top 1 of 20 bulls is chosen 
but is only .20 for cow selection if the top 90% 
are used to produce replacements. Bull selec- 
tion then would account for 95% of progress 
per year. 
If heritability is .50 (about the value for fat 
content or protein content), accuracy of bull 
evaluation goes to .94 and to .71 for cow 
selection. Selection of bulls would account for 
93% of genetic progress. Thus, most of the 
discussion in this presentation will be con- 
cerned with the effects of selection of bulls. 
The formula for the genetic selection differ- 
entials also points out what part biological 
variation plays in genetic progress. The selec- 
tion intensity factor is determined primarily by 
management practices although limited by re- 
productive rate. Generation intervals are de- 
termined similarly. Accuracy, defined as the 
correlation between the evaluation and the 
animal's true genetic value, depends on herita- 
bility of the trait and the number of relatives 
with records used in the evaluation. As herita- 
bility increases, accuracy also increases if the 
same kinds of records are available. Thus, 
heritability is important for genetic progress 
but not as important in terms of accuracy as 
might be believed, because in sire evaluation, as 
the number of progeny becomes large, accuracy 
will approach unity for any heritability greater 
than zero. 
Heritability is defined as the fraction of the 
total variation in a trait accounted for by 
genetic differences in the animals. Thus, herita- 
bility multiplied by the total or phenotypic 
variance quals the genetic variance. The square 
root of genetic variance is the genetic standard 
deviation, the constant part of the genetic 
progress equation that determines the magni- 
tude of the genetic selection differentials. The 
two parts of the genetic standard eviation are 
the square root of heritability and the pheno- 
typic standard eviation. With little phenotypic 
variation or with a low heritability, little 
progress can be made even with intense selec- 
tion and high accuracy of evaluation. 
Estimates of those two critical parameters 
are in Table 1. The first set is from the 
cooperative Southern and Northeastern project 
(7) involving five breeds. The other is from a 
study of Holstein records (1). The herita- 
bilities are .20 to .25 for yields and .50 to 
TABLE 1. Average of heritabilities and within herd phenotypic standard deviations for Holsteins. 
Regional a Butcher b 
Herita- Holstein Herita- Holstein 
Trait bility SD bility SD 
Milk yield .25 1270 kg .25 1135 kg 
Fat yield .25 50 kg .20 45 kg 
Protein yield .25 41 kg .20 37 kg 
Fat percentage .60 .35 % .50 .30 % 
Protein percentage .50 .22 % .50 .19 % 
aFrom the NE46 and S-49 regional bulletin (7). Heritabilities averaged over all breeds and methods of analy- 
sis and rounded to nearest .05. 
bFrom Butcher et al. (1) rounded to nearest .05. 
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.60 for fraction of fat or protein. The Holstein 
standard eviations are about 10% greater for 
yield traits and about 15% greater for fractional 
composition for the regional data than for the 
other study. 
Even though heritability is comparable for 
fat and protein yield, the relative progress for 
fat yield would be about 20% greater than for 
protein yield because of the larger phenotypic 
standard deviation. Similarly, relative progress 
for fat content would be about 50% greater 
than for protein content. 
The conclusions of the previous paragraphs 
are for selection specifically for the trait under 
consideration. The response in one or more 
traits is also of concern when selection is based 
on one or more traits (not necessarily the same 
traits). The expected correlated response in any 
trait can be calculated if the selection criterion 
and genetic covariances among the traits are 
known. The method of calculation commonly 
is taught in advanced animal breeding courses 
and is not necessary for this discussion except 
to state that knowledge of the pbenotypic and 
genetic variances and covariances associated 
with the traits is necessary to do the calcula- 
tions. Estimates of the covariances are in Table 
2. Selection intensity will determine partly the 
rate of progress, but for this discussion all 
genetic gains will be expressed relative to a gain 
of 1000 kg for milk yield when the selection 
criterion for bulls is the average of milk records 
of 50 daughters. In comparing expected results 
from selection of cows the selection criterion 
will be a single record of the cow. 
Selection Using One Trait 
The usual procedure is to examine correlated 
changes in other traits when selection is on a 
single trait. Table 3 shows the expected corre- 
lated responses from selection of bulls and 
Table 4 those for selection of cows both 
relative to a 1000 kg gain in milk based on the 
covariances in Table 2. Gaunt (3) presented 
such tables based on mass selection for in- 
dividual breeds. 
The first three rows of Tables 3 and 4 are 
identical for bull and cow selection due to an 
algebraic relationship when heritability is .25. 
When selection is for fat or protein content, the 
expected responses from selection of bulls and 
cows are not the same, but the basic pattern is 
similar. 
Selection for milk would result in relatively 
high response in yield of fat and protein and a 
small decrease in fat and protein content. 
Selection for fat or protein yield would result 
in relatively high responses in the yield traits 
and either small positive or slightly negative 
responses in the content traits. Selection for 
content of fat or protein would result in 
lowered total yield of milk and relatively small 
increases in yield of fat or protein, more for the 
trait under selection. The responses in content 
would be relatively great especially for the trait 
on which selection is based. These results 
should and do agree closely with other reports 
<1, 7). 
Selection Using More Than One Trait 
Animal breeders use a particular jargon in 
TABLE 2. Standardized a genetic (above the diagonal) and phenotypic (below the diagonal) covarianees b among 
yield and content traits of milk. 
Genetic 
Yield Content 
Phenotypic Milk Fat Protein Fat Protein 
Milk __ .20 .22 -.09 -.06 
F~ " .85  . . . .  20 .13 .02 
Protein .95 .90 . . .  -.04 .08 
F~ (%) -.15 .30 .00 .23 
Protein(%) -.35 -.05 .05 ".50 . . .  
aMultiplying by the product of the corresponding two standard deviations will convert the standardized co- 
variances to actual covariances. 
bGenetic covariances ar  averages over all breeds and methods of analysis from (7). Phenotypic covariances 
from (1). 
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TABLE 3. Expected correlated changes in milk traits from selection of bulls based on 50 daughter records for a 
single trait. 
Expected response a 
Yield Content 
Select on Milk Fat Protein Fat Protein 
(kg) (%) 
Milk 1000 31 28 -.10 -.04 
Fat 800 39 26 .14 .01 
Protein 880 31 32 -.04 .06 
Fat (%) -259 14 -4 .46 .11 
Protein (%) -192 2 8 .19 .26 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone, 
discussing the amount  of economic emphasis 
applied when more than one trait is included in 
the selection criterion (more commonly  called 
the selection index). Although the procedure 
may be confusing, it allows the flexibil ity of 
not  assigning specific economic values to units 
of the various traits since the proport ional 
values are more important. The procedure also 
accounts for the relative amount of variability 
in the traits. Relative economic emphasis refers 
to the value of an increase of a phenotypic 
standard deviation of one trait as compared to 
the value of an increase of a phenotypic 
standard deviation of another trait. As the next 
two paragraphs illustrate, it is easy to convert 
back to relative values per unit of the various 
traits. 
For example, suppose net value of milk is 
$.11 per kg. Since the phenotypic standard 
deviation for milk is 1270 kg, the value of an 
increase of a standard deviation of milk is 
($.11/kg) x (1270 kg)= $140. Suppose fat 
yield has a value of $1.98 per kg. Multiplying 
by the standard deviation gives ($1.98/kg) x 
(50 kg) = $99.00 for a standard deviation 
increase in fat. The relative emphasis is 140:99 
or 1.40:.99 which is approximately 1.4:1. The 
proportionalit ies are important rather than the 
absolute sizes in calculating expected responses 
to selection. 
If the relative emphasis per standard devia- 
tion is set at 1.4:1, the proport ional ity of value 
per unit is determined by dividing by the 
corresponding standard deviations. These be- 
come: for milk, 1.4/1270 = .0110 per kg and 
for fat 1/50 = .02 per kg. The relative propor- 
t ionality is the same as the original values per 
unit of $.11 and $1.98 which is all that is 
important in selection index procedures. 
The expected responses for selection based 
on milk, fat content, and protein content are in 
Table 5 for various proport ions of relative 
TABLE 4. Expected correlated changes in milk traits from selection of cows based on a record for a single trait. 
Expected response a 
Yield Content 
Select on Milk Fat Protein Fat Protein 
(kg) (%) 
Milk 1000 31 28 -.10 -.04 
Fat 800 39 26 .15 .01 
Protein 880 31 32 -.04 .06 
Fat (%) -372 21 -5 .06 .16 
Protein (%) -254 3 11 .25 .35 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
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TABLE 5. Expected correlated changes in milk traits from selection of bulls with 50 daughters having records on 
milk yield, fat test, and protein test. 
Expected response a 
Relative mphasis Yield Content 
M F% P% Milk Fat Protein Fat Protein 
(kg) (%) 
12 1 1 976 34 30 -.03 .01 
8 1 1 944 35 30 .01 .03 
4 1 1 791 36 29 .14 .10 
2 1 1 460 31 22 .28 .17 
1 1 1 127 22 14 .35 .20 
0 1 1 -248 11 3 .39 .21 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
economic emphasis on those components. The 
expected responses with major emphasis 
(12:1:1, 8:1:1) on milk are similar to those for 
selection for milk alone except that yield of fat 
and protein is expected to be higher and the 
change in content to be small. Increasing the 
relative emphasis on fat and protein content 
would result in less progress for yield of milk, 
fat, and protein and increases in fat and protein 
content. Expected responses when the selection 
emphasis is twice as much for fat content as 
protein content and when emphasis is twice as 
much for protein content as fat content are not 
greatly different f rom those in Table 5. 
On the other hand, if selection emphasis is 
on fat and protein yield rather than content, 
the expected changes are in Table 6. In that 
case, the expected changes are nearly the same 
no matter what the emphasis is for milk yield. 
Equal emphasis on all three yield traits would 
be expected to result in relatively large progress 
for all three yield traits and essentially no 
change in content. Selection for fat and protein 
yield with no emphasis on milk would not  
result in much less genetic change in milk yield 
but would result in slightly more gain in fat and 
protein content than selection with joint em- 
phasis on yield of milk, fat, and protein. 
Selection on Product Value 
Since protein and fat are the most important  
components of milk, a logical pricing scheme is 
to pay for the yield of protein and fat and to 
charge a transportation cost for the total 
volume of milk. A similar pricing scheme is 
TABLE 6. Expected correlated changes in milk traits from selection of bulls with 50 daughters having records on 
milk, fat, and protein yield. 
Relative mphasis 
M F P Milk 
Expected response a 
Yield Content 
Fat Protein Fat Protein 
(k# (%) 
12 1 1 998 32 28 -.09 -.04 
8 1 1 996 33 29 -.08 -.04 
4 1 1 988 34 29 -.06 -.02 
2 1 1 971 35 30 -.03 -.01 
1 1 1 946 36 30 -.00 .01 
0 1 1 876 37 30 .06 .04 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
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being tried in Europe (Freeman, personal com- 
munication, 1975). In equation form the ge- 
netic value would be: 
value = VFG F + VpGp -- VTG M 
where GF, Gp, G M are genetic merit for fat, 
protein, and milk, V F is the economic value per 
unit increase in fat yield, Vp is the economic 
value per unit increase in protein yield, and V T 
is the average transportation charge per unit 
increase in milk yield. 
To examine the potential effects of such a 
pricing structure a starting point is needed. The 
first step was to let V F be the current support 
price for fat and Vp be the current support 
price for skim milk powder. Whether these are 
exactly appropriate is not important as will be 
seen later. For a fat price of $1.935 per kg, the 
value per standard eviation is $96, and for a 
protein price of $1.376 per kg, the value per 
standard eviation is $56. 
The transportation cost is more difficult to 
determine and will vary according to the 
situation. In New York the average distance 
milk is transported is about 161 km, the pickup 
charge is $.19 pe r 45 kg, and the distance 
charge is $.18 per 45 kg per 161 km so that the 
average transportation cost is $.0082 per kg 
(Story, personal communication, 1976). The 
transportation cost per standard deviation of 
milk is $10. Thus, the relative mphasis for fat, 
protein, and milk would be 96:56:-10.  These 
were rounded down to 9 :5 : -1  for ease of 
computation. 
The cost of producing fat and protein should 
be deducted from the gross price. What the 
costs are is not clear (Elliot, personal communi- 
cation, 1976). Therefore, various combinations 
of net prices were used. The results are in Table 
7. The first row gives the expected responses if 
selection is based on the gross fat and protein 
values. The other rows are for various propor- 
tional costs. The penultimate row (-1,  4.5, .5) 
gives a low value to protein whereas the last 
row ( -1,  .5, 2.5) gives a low value to fat and 
relatively high value to protein. Probably the 
additional feed cost is at least half the gross 
price for both fat and protein. The responses in 
Table 7 show a flat response in that consider- 
able changes in relative mphasis do not change 
the expected responses much except for the last 
two rows. Such selection would tend to in- 
crease fat and protein content slightly and 
would be nearly optimum for increasing fat 
yield and protein yield. 
Although the market prices would have to 
change drastically for the net value of a 
standard eviation of protein to be the same as 
the net value of a standard deviation of fat 
because of the difference in magnitude of the 
standard deviations, Table 8 was prepared to 
show the expected responses. Again the re- 
sponses are similar down to relative mphasis of 
( -1 ,  2, 2). These responses are similar to those 
in Table 7 when more relative emphasis is on 
fat than on protein yield. 
Selection Using Only Milk and Fat 
Most Dairy Herd Improvement testing pro- 
grams now record milk yield and fat test which 
TABLE 7. Expected correlated changes in milk traits from selection of bulls with 50 daughters having milk, fat, 
and protein records. 
Expected response a 
Relative emphasis Yield Content 
M F P Milk Fat Protein Fat Protein 
(kg) (%) 
-1 9 5 838 38 29 .10 .04 
-1 4.5 2.5 811 38 28 .12 .04 
-1 4 2.5 812 38 29 .11 .05 
-1 4 1.5 777 39 27 .15 .04 
-1 2 1.5 752 38 28 .14 .07 
-1 4.5 .5 721 39 24 .19 .03 
-1 .5 2.5 741 31 31 .03 .11 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
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TABLE 8. Expected correlated changes in milk traits from selection of bulls with 50 daughters having milk, fat, 
and protein records with equal relative mphasis on fat and protein yield. 
Expected response a 
Relative emphasis Yield Content 
M F P Milk Fat Protein Fat Protein 
(kg) ..... (%) 
-1 6 6 852 37 30 .07 .05 
-1 4 4 838 37 30 .08 .05 
-1 2 2 784 37 30 .11 .07 
-1 1 1 580 35 26 .19 .I1 
-1 .5 .5 -361 8 2 .33 .18 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
then is converted to fat yield. Therefore, the 
use of only milk and fat may be a practical 
alternative to the use of milk, fat, and protein if 
the expected results are comparable. Table 9 
lists the expected responses if selection is 
positive for fat yield and negative for milk 
(transportation cost). The expected responses 
are high for fat but are only about 80% of 
opt imum for protein yield. 
Another approach, which is possible through 
selection index techniques, is to select for milk 
and protein yield by milk and fat records which 
are available from current testing programs. 
Table 10 shows the expected responses for 
different relative economic emphasis. The result 
which is most comparable to results for all 
three traits is with emphasis of ( -1 ,  2) for milk 
and protein. The drop in expected response 
from ( -1 ,  2) to ( -1 ,  1) is drastic, so some 
thought should be given to using a safer 
proport ional ity for relative emphasis such as 
( -1 ,  3) or ( -1 ,  4) which gives similar expected 
results. 
The basic problem with using milk and fat to 
select for milk and protein is the usual one 
when more than one trait is involved. The 
actual responses will depend on the true genetic 
covariances among the traits. These are notori- 
ously difficult to estimate accurately. The 
covariances used for this discussion are the best 
available, but there always should be some 
doubt about making strong recommendat ions 
based on such estimates. For example, if 
genetic covariances from the study by Butcher 
et al. (1) are used in the calculations, joint 
selection for milk, fat, and protein would give 
TABLE 9. Expected correlated changes in milk traits from selection of bulls with 50 daughters having milk and 
fat records with selection emphasis on fat. 
Expected response a 
Relative mphasis Yield Content 
M F P Milk Fat Protein Fat Protein 
(kg) (%) 
1 0 0 1000 31 28 -.10 -.04 
0 1 0 787 39 25 .15 .01 
-1 1 0 -326 13 -4 .40 .09 
-1 2 0 422 35 17 .31 .05 
-1 3 0 592 38 21 .25 .04 
-1 4 0 657 39 22 .22 .03 
-1 6 0 709 39 24 .20 .02 
aRelative to gain of 1000 kg of milk from selection for milk yield from milk yield alone. 
Journal of Dairy Science Vol. 61, No. 6, 1978 
822 VAN VLECK 
TABLE 10. Expected correlated changes in milk traits from selection of bulls with 50 daughters having milk and 
fat records with selection emphasis on protein. 
Expected response a 
Relative emphasis Yield Content 
M F P Milk Fat Protein Fat Protein 
(kg) (%) 
1 0 0 1000 3Z 28 -A0 -.04 
0 0 1 983 35 29 -.04 -.03 
-1 0 1 ~02 1 -t3 .38 .09 
-1 0 2 917 38 28 .05 -.01 
-1 0 3 957 37 28 .01 -.02 
-1 0 4 967 36 29 -.01 -.02 
-1 0 6 974 36 29 -.02 -.03 
aRelative to gain of 1000 kg ofmilk from selection for milk yield from milk yield alone. 
smaller expected responses for the yield traits 
but considerably arger expected changes in the 
content of fat and protein than if the genetic 
covariances from the regional project (7) are 
used. 
Economic Consequences of Changes in 
Milk Pricing 
A question always should be asked about the 
economic consequences of selection on the 
basis of one set of economic values when 
another set may be used to pay for the milk 
produced. Thus, four sets of economic values 
were used to examine this possibility; the first 
two are based on the currently used pricing 
equation with milk at $19.80/100 kg with a 
differential for fat test of $.198 per .1% change 
in fat test from a base test of 3.5%. If test is put 
on a fractional basis the equation can be 
written as: 
Gross income = milk (kg) [.198 + 1.98 
(Fraction fat -- .035)] 
which can be rewritten as:
Gross income = (.1287) milk (kg) + 
(1.98) fat (kg) 
These are gross economic values for milk and 
fat. Net economic values were guessed to be 
56% of the price for milk and 50% of the price 
for fat. 
The first of the other two sets of economic 
values included a transportation charge of 
$.0082/kg of milk and support prices for fat 
and skimmed milk powder of $1.935/kg and 
$1.376/kg. The other set included the same 
transportation charge but assumed the net value 
of added fat and protein was 50% of the gross 
support price. 
These four sets of prices were applied to 
some alternative selection programs, and the 
results are in Table 11. If selection was for 
protein or for milk and protein with ( -1 ,  0, 2) 
emphasis using milk and fat records, dairymen 
could expect to make slightly more money than 
if selection were for milk alone with only milk 
records with the current pricing of milk, fat, 
and either gross or net economic values. Selec- 
tion using milk, fat, and protein records with 
emphasis of ( -1 ,  9, 5) or ( -1 ,  4.5, 2.5) would 
not be as economical s selection for milk alone. 
If, however, value pricing were used which 
includes transportation, fat yield, and protein 
yield, then selection with that relative mphasis 
would yield the most economic return. How- 
ever, selection for fat alone from either fat 
records or from fat and milk records is nearly 
the same as selecting for economic value from 
milk, fat, and protein records; $105 vs. $107 
and $48 or $49 vs. $50 depending on whether 
gross or net economic values are used. Selection 
for milk and protein ( -1 ,  0, 2) using milk and 
fat records gives the same expected economic 
result as selection for fat. 
CONCLUSIONS 
The results in the tables suggest hat select- 
ing for milk is relatively efficient for improving 
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yield of fat and protein. Joint selection for 
yield of milk, fat, and protein could be eco- 
nomically desirable depending on the pricing 
system and could result in more yield of fat and 
protein than selection for milk alone. Selection 
should not be for increased content of fat and 
protein if the desired result is more yield of at 
and protein. If the value of milk is determined 
by either present pricing systems or by pricing 
on transportation costs and yield of fat and 
protein, then selection for increased content of 
fat and protein potentially would result in 
much less farm income. This conclusion is 
based on the assumptions that standardization 
is legal and that a desirable product can be 
produced by standardization. 
A note of caution should be repeated; the 
genetic covariances among the milk traits for 
this discussion may not be r presentative of the 
true covariances. If another set of genetic 
covariances i applicable, the conclusion about 
not selecting for content would probably still 
stand, but the precise amount of selection 
emphasis to put on milk, fat, and protein yields 
may change as might the comparison of joint 
selection with selection for milk alone. 
If the covariances for this discussion are 
accurate, then little can be gained in terms of 
joint selection for milk, fat, and protein over 
the use of currently available fat and milk yield 
records. If only milk and fat records were used, 
costs of protein testing or of converting to the 
capability for protein testing could be avoided. 
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